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Galileo precise orbit determination based on 

GNSS and SLR observations



ÅDirect Solar Radiation Pressure

ÅAlbedo

ÅInfrared Radiation

ÅAntenna Thrust

ÅSolar wind 

ÅThermal effects

ÅY-bias, B-bias



GNSS characteristics ðthe ăBox-wingó model

System Type Solar panels

area [m 2]

Box surface

area [X/Y/Z] 

[m2]

Altitude

[km]

Mass

[kg] 

GPS Block IIF 13.60 5.72/7.01/5.40 20 200 1555

Galileo
IOV 10.82 1.32/3.00/3.00 23 200 695

FOC / FOCecc. 10.82 1.32/2.78/3.04 23 200 /  17 000 -26 000 708/645

GPS X:Z ratio = 5.7 : 5.4 

Galileo   X:Z ratio = 1.3 : 3.0

https://www.gsc-europa.eu/support-to-

developers/galileo-satellite-metadata

https://www.gsc-europa.eu/support-to-developers/galileo-satellite-metadata


SRP ðăBox wingó model ðaccelerations in D and B

Galileo orbit modelling is more challenging than for the GPS satellites



New Empirical CODE Orbit Model (ECOM2)
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Absorbs direct SRP on 

solar panels and mean

SRP acting on the bus

& solar wind 

Absorb Y-bias and B-bias

due to the misalignment of 

the solar panels w.r.t. the Sun

Absorb variations of 

direct SRP acting on 

the bus

Absorb thermal

effects to some

extent

(temperature lags)

Limitations :

Å Albedo is not included

Å Antenna thrust is not included (constant radial acceleration )

Å Assumes yaw-steering (accounts only for the Y -bias and B-bias)

Å Problems with eclipsing satellites (ECOM parameters = 0 in Earthõsshadows & dynamic yaw-steering )

Arnold, D., Meindl, M., Beutler, G. et al. 

J Geod (2015) 89: 775. 

https://doi.org/10.1007/s00190-015-0814-4

https://doi.org/10.1007/s00190-015-0814-4


SRP ðăBox wingó model ð

spectral analysis

ÅăOnce-per-revó are always 

estimated in ECOM1/ECOM2

ÅăThrice-per-revó are not usually 

estimated although they cause  

systematic errors during low Ȃ 

angles

ăTwice-per-revó

absorbed

by ECOM2

Periodic error 

when neglected:

A=15 cm

Periodic error 

when neglected:

A=36 cm

Periodic error for 

the low Ȃangles A=1.3 cm
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SRP ðăBox wingó model ð

spectral analysis

ăTwice-per-revó

NOT absorbed

by ECOM2

A=2.6 cm

The current form of the ECOM2

absorbs the ăTwice-per-revó

accelerations in the

D - direction ð> insufficient for

the elliptic Galileo

ăOnce-per-revó

NOT absorbed

by ECOM2

Periodic error 

when neglected:

A=18 cm

ăThrice-per-revó

NOT absorbed

by ECOM2

A=2.7 cm
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